Objective: Treating severe post-burn deformities of the face and neck region in pediatric populations is challenging because of technical difficulties (e.g., limited full thickness skin graft donor site, limited flap options, unavailability for expander placement) and increased donor site morbidity (e.g., related to flap and graft donor sites). In this study, we present the single-stage treatment of severe post-burn skin deformities of the face and neck region in pediatric patients using collagen-elastin matrix (Matriderm®) combined with partial thickness skin grafts.
INTRODUCTION
Burns are common and devastating injuries for the pediatric age group. The degree and extent of the burn injury determines the approach in treating post-burn skin deformities. Superficial burns in the pediatric age group tend to heal without complications and can usually be treated with analgesics, topical antibiotics, and dressings. However, surgical interventions are needed to resurface the defects in deep partial-thickness and full-thickness burns. 1, 2 Unlike superficial burns, deep dermal burns heal with complications such as excessive scarring (hypertrophic scars, keloids) and contracture bands. 2 These complications cause functional impediment, residual deformities, and emotional and psychosocial trauma in children. [1] [2] [3] [4] Surgical treatment of such deformities hinges on two main objectives-releasing and/or excising scar bands and reconstructing the resultant defect. 2, 5 Depending on the depth and location of the defect, it can either be skin grafted, or resurfaced by a skin flap, and the former is almost universally applied unless the latter is deemed necessary. 5 While skin flaps are accepted as the gold standard in functional reconstruction (especially around moving joints and within the growing body of the child), defects tend to be wide in children in whom flap donor sites are small. Local flaps from the vicinity of the contractures are the most straightforward and safe methods, and they are commonly employed as multiple Z-plasties or jumping-man flaps. 5 In the scalp and thorax, an expander can be placed on the consistent bony surface to increase the amount and reach of the local flaps. 2, 5, 6 In the upper extremities, distant flaps such as the groin flap or abdominal flap can be used at the cost of imposing a morbidity that can be hard to tolerate for a child. In confident hands, free tissue transfers remain as a single-stage procedure, and are the most effective method of reconstruction, and can be customized to the exact requirements of the defect; however, all but the most seasoned microsurgeons would need to make sure that all other options have expired before taking on the daunting task of performing microsurgery in the pediatric age group.
Enhancing the results of split-thickness skin grafts (STSG) has emerged as a third option. In this study, we are presenting our experience of joint application of collagen elastin matrix (Matriderm ® ; Dr. Suwelack AG, Billerbeck, Germany) and STSG in the face and neck region that were not amenable for flap reconstruction but at the same time would not be effectively treated by skin grafting alone.
MATERIAL AND METHODS
Eight patients who had been operated on for post-burn skin deformities on the face and neck region between 2012 and 2015 were included in this study. The authors were aware of the Code of Ethics of the World Medical Association (Declaration of Helsinki), which has been printed in the British Medical Journal (18 July 1964). Informed consent was obtained from the parents of each patient before surgery.
All patients underwent a single-stage treatment and were operated on at least eight months after the burn injury. Before surgery, patients' medical records were reviewed for age, sex, type of burn injury, previous treatment and surgical procedure, size and localization of affected area, and complaints of patients and their families. The photographs of skin deformities were taken with digital cameras. Informed consent from legal representatives was obtained for each patient before surgery.
During surgery, scar tissues and contracture bands were completely excised to the normal tissue. Meticulous hemostasis with bipolar cauterization and irrigation was then performed to prepare the recipient area. Full passive range of motion was re-established in the neck region to demonstrate the true functional extent of the resultant defect. Afterwards, pertinently tailored Matriderm® sheets (1 mm thick) were applied to the defect area and soaked with physiological saline (sodium chloride 0.9%) and covered with 0.3 mm thick unmeshed STSG harvested from the anterolateral thigh. The grafts were sutured in place and fixed via paraffin gauze tie-over dressings. The dressings were opened at the fourth postoperative day and followed by daily antibiotic ointment dressings. Custom pressure garments were prescribed after complete epithelialization was achieved.
Long-term follow-up and photography was done at the 12 th postoperative month for each patient. Contraction rates of the grafts were determined via planimetric comparison of the surface areas of the defects prior to reconstruction and the healed grafts at the long-term follow up and were estimated in percentages. Scar analyses for both preoperative scars and postoperative outcomes were made via the Vancouver Scar Scale (VSS). Satisfaction of patients and their families was evaluated with the ''satisfaction evaluation scale'' (−1=poor, 0=no change, 1=moderate, 2=good, 3=very good).
Statistical Evaluation
Statistical Package for Social Sciences (SPSS Inc.; 16.0, Chicago, USA) was used for statistical analysis of all data. In the 95% confidence interval, a p-value of ≤0.05 was considered statistically significant. Patient satisfaction was assessed as a descriptive study and was analyzed by one-sample t-test. The paired t-test was used for both VSS and contraction rates of all scars. We evaluated the correlations among three variables (graft contraction rate, reduction of VSS score, and patient satisfaction) using Spearman's correlation.
RESULTS
Four of the patients were female, and four were male. The age range was two to 11 years with a mean of 5.5 years. Five of the regions were on the neck and three were on face. The causative agent was scalding in three patients and contact burn in five patients. Three of the patients had scar contractures, three of them had excessive dermal scarring (EDS), and two of them had both. Five patients with EDS (all in the neck region) were previously treated by non-surgical modalities and reported no benefit from compression garments and repetitive application of intralesional corticosteroids.
One of the three patients with neck burns had flexion contracture with 30-degree extension limitation of the neck, and the other two had unsightly scars and minor contracture bands. The three patients with facial burns had ectropion of the lower eyelid, lower distortion of the oral commissure, and/or short alar flaring. At the same time, these patients were suffering from abnormal facial appearance. Two patients had previously undergone STSG surgery, while the other six were allowed to heal by secondary intention alone. The detailed patient data are summarized in Table I . The main complaint was unsightly scars. Severe itching was also common in EDS lesions.
Postoperatively, there were no major complications associated with graft take, such as hematoma, seroma, infection, and/ or complete graft loss. In two patients, partial loss (5% and 12%, respectively) of the grafts occurred, and they were regrafted in another session.
At the first-year follow-up, all scars were level with the surrounding uninvolved skin and evenly vascularized and pigmented (Figure 1-3) . The mean VSS scores at the 12 th postoperative month (3.6±0.91) were significantly (p<0.05) lower than preoperative scores (10.25±1.38) ( Table II) .
All contractures were virtually eliminated by the end of the first year after the surgery. Ectropion in two patients with facial burns was treated with simultaneous canthopexy, and relapse was not observed (Figure 3) . The average surface areas of the defects preoperatively and at one year after being grafted with Matriderm were 39.3 cm 2 and 35.5 cm 2 , respectively, with a statistically significant contraction rate of 9.6% (p<0.05) ( Table I ).
The average patient satisfaction rate was 1.9 (good satisfaction). According to the one-sample t-test, there was a statistically significant difference in average patient satisfaction and test value (0=no change in satisfaction). These patients were significantly satisfied with the surgical outcome (p<0.05) (Table III) .
We evaluated the correlations among three variables (graft contraction rates, reduction of VSS scores, and patient satisfaction) using Spearman's correlation. There was a negative inverse relationship (73.3%) between contraction rates and the reduction of VSS scores, and a positive relationship (82.2%) between the reduction of VSS scores and patient satisfaction.
Figure 1. a-c.
A Seven-year-old girl with a scald burn injury to her neck. At 13 months after injury, she presented with two bands of excessive dermal scarring (a) with severe itching. Scars were excised, and the defect area was resurfaced with split-thickness skin grafts applied over Matriderm® (b). On the right side (c) is the two-year postoperative result. Although she has some texture problem with the graft, there is good pliability of the reconstructed region, and no major recurrence of excessive dermal scarring has occurred a b c 
DISCUSSION
In our study, Matriderm® and STSG were combined for the treatment of late post-burn deformities and contractures involving the face and neck in a single-step procedure in pediatric patients. We resurfaced defects that would otherwise necessitate full-thickness skin grafts FTSGs or distant/ free flaps while inflicting the donor site morbidity of STSGs alone.
Matriderm® is a dermal substitute composed of bovine dermal collagen I, III, V and elastin with no cross-linking, and it can be combined with STSGs for one-stage reconstruction of full-thickness skin defects as a possible alternative to two- Figure 2 . a-c. A three-year-old girl with a scald burn to her neck. Eleven months post-injury, she presented with an excessive dermal scarring lesion that also caused severe itching (a). This condition was reported to be impeding the child's social development. Conservative measures failed to yield satisfactory results, and excision was planned. Please note that Matriderm® soaks up blood and allows nutrition of the overlying skin graft (b). Postoperative one-year result (right side). The symptoms faded, and she had no remarkable recurrence of excessive scarring (c) a b c Figure 3 . a, b. The girl was one year old when contact with a hot ironer inflicted a burn injury. She was initially treated by split-thickness skin graft. However, late contraction of the graft imposed ectropion of the lower eyelid and contracture of the lip (a). After total excision of the graft and release of the contractures influencing the mouth, the resultant defect was resurfaced with a combination of Matriderm® and split-thickness skin graft. Simultaneously, the ectropion was corrected by tarsal strip canthopexy. After this operation, there was a small healing problem in the lower eyelid region. The area was again reconstructed using the Matriderm combination. The two-year postoperative result is shown on the right (b). Although there is some inconsistency with the color, no further late contractures of the grafts occurred, and there were favorable results with the correction of the eyelid and oral commissure contractures stage substitutes. [7] [8] [9] [10] Its thinness (1 mm) allows plasma imbibition to reach the graft and ensures graft take while providing a thicker and more pliable dermal infrastructure. Ryssal et al. 7 and Demircan et al. 11 investigated its use in conjunction with STSGs in a single-stage procedure and reported that its use yielded better functional and cosmetic results than an application of STSG alone. As far as pediatric cases are concerned, in whom burn wounds and scars tend to be large while donor sites are still small, this is of even greater importance. Theoretically, burn healing can be optimized with nonoperative methods such as custom-made elastic pressure garments, rigid facial masks, silicone gel sheeting, functional splinting, intensive physical therapy, radiotherapy, laser treatment, topical applications of vitamin E, and topical or intralesional injection of steroids to prevent EDS. 12, 13 While most of these methods are hard to tolerate, especially for the pediatric population, it is advocated that nonoperative treatment options should be utilized before surgical intervention because they are reported to improve surgical outcome even if they do not resolve the problem altogether.
14 In our series of patients, nonoperative treatments except for radiotherapy, which is contraindicated in children because of high carcinogenic potential, were attempted in all five patients with EDS with varying degrees of success.
Given the difficulty in cooperation with youngsters, the evaluation of preoperative and postoperative scars was made using VSS instead of POSAS (Patient and Observer Scar Assessment Scale). The VSS universally assesses scars caused by burns in four categories (vascularity, pigmentation, pliability, and height of scar). 15 The average VSS score at the 12 th postoperative month (3.6±0.91) was significantly (p<0.05) lower than the preoperative score (10.25±1.38). VSS analyses also showed that swelling and stiffness of the scars were significantly more improved than other parameters.
In our series, the combination of Matriderm® and STSG provided good cosmesis by minimizing contractures and enhancing skin elasticity in the treatment of pediatric post-burn head and neck skin deformities. According to our literature search, the combination of STSG and dermal substitutes has not been reported for this purpose elsewhere.
CONCLUSION
We believe that dermal substitutes, especially Matriderm®, are a convenient tool for overcoming the limitations of reconstructive options for pediatric post-burn skin deformities in the head and neck region when used in combination with STSGs. Thus, defects that would otherwise require FTSGs or flap surgery can be resurfaced by STSGs with favorable functionality and cosmesis. 
